Twenty-five adult crossbred goats, divided in two groups, were fed over a period of 16 months with diets based on Tifton hay and concentrate feed with (DCM) or without (WDCM) detoxified castor bean meal as a substitute for soybean meal. Throughout 480 days, blood samples were taken to measure lactate dehydrogenase, aspartate aminotransferase, alanine aminotransferase, urea, albumin and creatinine. The animals were euthanized, and the anatomical components (lungs, heart, spleen, liver, kidneys, tongue, empty stomach, empty intestines, omentum, cardiac and renal adipose tissue), carcass and commercial cuts (shoulder, ham, loin, ribs and neck) were weighed. Thereafter, an anatomic dissection of the loin was performed, separating the muscle, adipose and bone tissues. On the muscular part of the loin, longissimus dorsi, the proximate composition, fatty acid profile and the expression of SEW-1, IGF-I and IGF-II were analyzed. A higher incidence of bone tissue was observed in the anatomical dissections of the loin and a lower incidence of fat in the proximate composition of the longissimus dorsi of the DCO group compared to the WDCM group (p < 0.05). The expression of the IGF-II and SEW-1 genes was higher (p < 0.001 for each) in the muscle tissue of the DCM animals. Thus, using detoxified castor bean meal for long periods does not produce significant changes in the anatomical composition of the loin or the proximate composition of the longissimus dorsi. However, the differences in gene expression suggest the need for new investigations and care when using this product for animal feeding. Key words: Castor bean, goat, muscle tissue
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Resumo
Vinte e cinco cabras adultas mestiças, divididas em dois grupos, foram alimentadas por um período de 16 meses com dietas a base de feno de tifton e concentrado sem (SFMD) e com farelo de mamona destoxificado (FMD) em substituição ao farelo de soja. Aos 480 dias, foram coletadas amostras de
Introduction
There is a high demand by governmental programs to implement sustainable and economical forms of production and usage of biodiesel from oilseeds (RODRIGUES, 2007) . In northeastern Brazil, mainly in the semiarid region, government incentives focus on social inclusion of family farming (ABREU; VIEIRA; RAMOS, 2006) . Thus, in recent years, incentives have promoted the diffusion of castor seeds (Ricinus communis L.) due to its great edaphoclimatic adaptability to semiarid regions (BELTRÃO et al., 2005 ). However, a major worry regarding the biodiesel chain of production is the destination of its byproducts, because for each ton of castor oil produced, an estimated 1.2 tons of byproducts are produced (AZEVEDO; LIMA, 2001).
Among its byproducts, castor meal is considered an important option for animal feeding due to its high protein value (ABDALLA et al., 2008) , which makes this a potential product for the sustainable exploration of marginalized semiarid areas (BELTRÃO et al., 2005) . Due to these characteristics, castor meal may become an alternative food for the Brazilian northeastern herds, as they exhibit low production of grains for concentrated feed formulation. This might provide a way to generate income for small cattle producers.
Despite its potential, castor meal contains a powerful protein-based toxin, ricin, that acts by inactivating ribosomes; a low-toxicity alkaloid, ricinine; and a group of allergenic proteins known as CB-1A (BARBIERI; BATTLELLI; STIRPE, 1993) . These components make it impossible to use in feed. Because of these obstacles, castor bean meal has been explored mainly as an organic fertilizer around the world (AZEVEDO; LIMA, 2001).
That being said, many studies have developed techniques to detoxify this byproduct (ANANDAN et al., 2005; MADEIRA JUNIOR; MACEDO, 2011) , making it available for animal feeding. In studies on sheep fed with castor meal that was detoxified using calcium oxide (CaO) for 21 days, increases in protein and dry matter digestibility were observed, with no negative effects on the hepatic function of the animals . Barros et al. (2011) , when feeding heifers with castor meal that was detoxified with CaO for 84 days, also noticed increases in dry matter and protein digestibility, with no reports of intoxicated animals.
However, there have been no clear studies on the effects of using castor bean for long periods in animal products, especially goat products. This information would be necessary to commercialize these animals and to ensure safe food for the people of the semiarid regions, where goat products represent an important source of protein. The European Food Safety Authority (2008) reports that health risks from consuming milk, meat and eggs from animals fed with castor byproducts are very low. That report quoted the study conducted by Robb et al. (1974) , who fed cattle for 14 months with diets containing treated castor residue and found no residue accumulation in the muscles, no abnormal effects on the animals and no apparent transfer of ricinine to the milk. Watson (1905) suggests that ricin may be present in the milk of lactating guinea pigs that receive such agglutinins through injection, as the offspring that were fed with such milk became resistant to subsequent injections of the toxin. In a more recent study performed by Vieira et al. (2010) on sheep fed with castor meal detoxified for 70 days, no effects were noted on carcass characteristics or non-carcass components of finishing animals.
To thoroughly assess the effects of long-term feeding with detoxified castor meal, the present study aimed to analyze the anatomical and muscle tissue characteristics of goats fed for 480 days with castor residue.
Materials and Methods

Castor residue detoxification procedure
The castor meal was obtained at the Brasil Óleo de Mamona facility, located in Salvador, Bahia. For the detoxification treatment, we followed the procedure developed by Anandan et al. (2005) and adapted by Oliveira (2008) . Briefly, 1 kg of calcium oxide (Carbomil Química S/A, Fortaleza, Ceará, Brazil; at least 88 % of total oxides) diluted in 9 L of water was added to the byproduct, with a concentration of 60 g of CaO for every kilogram of meal. After 12-18 hours, which was the time needed for the detoxification process to happen, the material was dried for subsequent storage and usage. The absence of ricin after the detoxification process was verified through 12% polyacrylamide gel electrophoresis in non-denaturing conditions (native-PAGE) in a Bio-Rad PowerPac Basic Supply vertical mini-gel system. The gel was stained with Coomassie Blue R250 solution.
Animals and experimental design
The experiment was performed at the Dr. Esaú Accioly de Vasconcelos Agricultural Experiments Farm, Guaiúba, CE, Brazil, which belongs to the School of Veterinary Medicine/UECE, located at 4° 02' S, 38° 30' W. Twenty-five adult crossbred goats were separated in two homogenous groups according to weight and age (group without detoxified castor meal (WDCM, n = 12): 42.94 ± 3.1 kg and 43.88 ± 0.95 months; group with detoxified castor meal (DCM, n = 13): 41.64 ± 2.1 kg and 45.54 ± 0.92 months). In the first group of does the dietary composition included: Tifton hay and concentrate feed (80 % corn, 15 % soy meal, 5 % minerals). In the second group of does the dietary composition included: Tifton hay and concentrate feed with detoxified castor meal instead of soy meal (80 % corn, 15 % castor meal, 5 % minerals). Concentrate were isoenergetic (74% TDN) and isonitrogenous (14 % crude protein on dry matter). All animals received diets for maintenance according to the National Research Council (NRC, 2007) . A mixture of urea/ammonium sulfate (9:1) was used to adjust the crude protein content of the diet to eliminate the difference between the feeds. The chemical analysis of the castor meal before and after detoxification is shown in Table 1 to demonstrate that there was no loss in the chemical quality of the residue in this process. The dry matter (DM), mineral matter (MM), crude protein (CP) and ether extract (EE) were analyzed according to the procedures described by Silva and Queiroz (2002) , and the neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin (LIG) contents were analyzed according to Van Soest, Robertson and Lewis (1991) . The diets were offered twice a day during 16 months, in the early morning and at the end of the afternoon, allowing 5 to 10 % of orts, and the females were maintained in collective stalls with ad libitum water and mineral salt.
Blood samples and determination of metabolites
Before euthanizing the animals, we took blood samples through jugular venipuncture using heparinized vacutainer tubes before the animals were fasted. The blood samples were centrifuged at 3000 rpm for 15 minutes, and the plasma obtained was stored in a freezer at -20 °C for subsequent quantification of the main hepatic and renal function-related metabolites. The plasma concentrations of lactate dehydrogenase (LDH), aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, albumin and creatinine were determined using spectrophotometry in an automated biochemical analyzer (Labmax 240, Labtest ® ) using commercial kits (Labtest ® , Lagoa Santa, MG, Brazil).
Anatomical and carcass components
After 480 days of feeding, the animals were weighed, followed by a solid and liquid fast for 16 hours. Subsequently, the animals were weighed again to obtain the fasting live weight and then euthanized according to RIISPOA standards (BRASIL, 1980) . Next, skinning, evisceration and removal of the head and extremities were performed.
After the evisceration, the anatomical components were weighed (lungs, heart, spleen, liver, kidneys, tongue, empty stomach, empty intestines, omentum and cardiac and renal adipose tissue).
After evisceration, the carcass was weighed to obtain the hot carcass weight. The carcasses were then stored at 4 °C for 24 hours. Next, they were again weighed to obtain the cold carcass weight. Then, the carcasses were longitudinally cut into two half-carcasses, and the following commercial cuts were performed on the left half-carcass: shoulder, ham, loin, ribs and neck, as described by Cesar and Sousa (2007) and Silva . The shoulder was obtained by disarticulation of the scapula. The ham was delineated by the cut between the last lumbar vertebra and first sacral vertebra. The loin was obtained through the six lumbar vertebrae. The rib (false and real) was obtained between the first and thirteenth thoracic vertebrae. The neck was obtained by removing the seven cervical vertebrae by performing an oblique cut.
Dissection and tissue analysis
The loin of all euthanized animals was identified and stored in a freezer at -18 °C in parafilm for further tissue composition analysis. The loin was thawed inside plastic bags in a refrigerator at 10 °C for 20 hours for the tissue analysis. In the dissection, the muscle, adipose and bone tissues were separated using a scalpel, knife and anatomical clamp. The adipose tissue consisted of external (located below the skin) and intermuscular (located below the deep fascia, associated with the muscle) fat. The muscle tissue consisted of all the muscles dissected after the complete removal of the attached subcutaneous and intermuscular fat. The bone tissue was obtained after the complete removal of all the attached muscle and fat. After the dissection, each tissue was weighed.
The proximate composition of the muscle was determined according to the AOAC (1990) , and the moisture was obtained by drying a sample in an oven at 105 °C until it reached a constant weight. The nitrogen content was determined by the Kjeldahl method and converted to crude protein using a factor of 6.25. The fixed mineral residue was determined by incineration at 550 °C. The total lipids were determined by a hot extraction process using an organic solvent (hexane) at 120 °C.
Analysis of the fatty acids of the loin
The fatty acid profile was quantified using gas chromatography, attached to a flame ionization detector (model GCMSQP5050A, SHIMADZU, Nakagyo-ku, Kyoto, Japan). The separation took place in a CARBOWAX 20M (SUPELCO) fused silica capillary column (stationary phase, polyethylene glycol) that was 60 m long, with an internal diameter of 0.53 mm and 1 μm film thickness. A sample of 2 μL of the methyl ester samples was injected into a split/splitless injector at 250 °C. The chromatograms containing the data on retention time and the fatty acid area percentages were stored in Peak simple software (ARI Instruments, USA). The fatty acids were identified by comparing the retention time of the methyl esters of the samples with authentic standards of fatty acid esters (Merck, USA).
Gene expression analysis
Immediately after euthanasia, 25 samples of muscle tissue were collected using a sterile scalpel, scissors and clamps. The tissue was washed in RNase-free DEPC water, and Sel W, insulin-like growth factor (IGF)-I and IGF-II gene expression was analyzed (Table 2 ). The samples were stored in cryotubes containing Trizol ® (Invitrogen, Carlsbad, C, USA), refrigerated in nitrogen and stored at -80 °C. RNA was extracted using Trizol ® according to the manufacturer's recommendations. The RNA concentration of the samples was quantified using a spectrophotometer with 260 nm wavelength (Bionnate 3, Thermo Scientific), and the integrity was evaluated using denaturing 1 % agarose gel electrophoresis.
The cDNA was synthesized from 1.25 µg of total RNA using random hexamer primers (Promega, Madison, WI, USA) and the ImProm-II™ Reverse Transcriptase kit (Promega), according to the manufacturer's recommendations. Semi-quantitative PCR was performed using the primers (in a final volume of 20 µl) in the presence of 1 µl of cDNA, 2 IU of Taq DNA Polymerase (Fermentas), 0.5 mM of each specific primer, 200 mM of each dNTP, 2.0 mM of MgCl 2 and 1x PCR Buffer. The initial PCR program used was 94 °C for 5 minutes followed by 36 cycles of 94 °C for 1 min, 58-60 °C for 1 min and 72 °C for 1 min. The final incubation was at 72 °C for 10 min. The PCR products were visualized by 1 % agarose gel electrophoresis. The gene expression was quantified by densitometry using ImageJ 
Statistical analysis
An entirely randomized design was used for the statistical analysis, with two diets and 12 repetitions. The data were submitted to analysis of variance (ANOVA) using the GLM procedure of SAS ® software (SAS ® , Inc., Cary, NC, USA), with the food group as the tested factor. Means were compared using Student's t test. Gene expression data were transformed into log 10 values. 
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Results
No significant differences in plasma metabolites were observed (p > 0.05) between the food groups at the time of euthanasia (Table  3) . Similarly, the weights of the anatomical components and carcass (Table 4) did not differ between both groups (p > 0.05). On the anatomical dissection of the loin (Table  5) , there was a higher incidence (p < 0.05) of bone tissue in the DCM group compared to the WDCM group, while the latter exhibited higher mean values of muscle fat (longissimus dorsi) (p < 0.05) than the group fed with detoxified castor meal (Table 5 ).
Food group had no effect (p > 0.05) on the fatty acid profile (Table 6 ). In the muscle tissue used for gene expression analysis (Table 7) , the expression of IGF-I was similar between groups (p > 0.05), but IGF-II and SelW were upregulated in the DCM group. 
Discussion
Castor meal is a promising byproduct for ruminant feeding, as a substitute for the traditional sources of protein, but its use has not been possible due to the presence of toxic (ricin and ricinine) and allergenic elements (CB-1A) in its composition, as well as a lack of technology that is conducive to achieving a safe feed at competitive prices (SEVERINO; LIMA; BELTRÃO, 2005) . Thus, this byproduct can only be used in animal feeding after an extensive chemical or physical detoxification process to deactivate the toxic proteins (RIBEIRO; ÁVILA, 2006). Chemical detoxification with CaO effectively denatured the ricin, as the corresponding band of this toxic protein was not detected in the polyacrylamide gel after electrophoresis. This procedure is considered operationally simple and potentially economically viable for the producers.
The alkaline treatment is based on increasing the pH (12.5) relative to the isoelectric point of ricin (5.2 to 5.5) (KABAT; HEIDELBERG; BEZER, 1947) , turning the net charge of the protein negative, causing an electrostatic repulsion and the breaking of the hydrogen bonds responsible for maintaining the tridimensional structure, resulting in the loss of function of this protein. Oliveira (2008) reported an increased efficiency when denaturating ricin by alkaline treatment using calcium hydroxide or CaO diluted in water (1:10) at a dose of 60 g/kg of meal. Anandan et al. (2005) observed a complete elimination of ricin subunits when treating castor meal with Ca(OH) 2 at a dose of 40 g/kg of meal.
The biochemical composition of the blood plasma of ruminants faithfully reflects the metabolic condition of the tissue, enabling the evaluation of tissue damage, organ dysfunction, animal adaptation to nutritional and physiological challenges and metabolic imbalances that are specific or result from nutritional imbalances (COTE; HOFF, 1991) . Consequently, the dietary treatment did not influence the protein status (urea and albumin) in the metabolic profile of the goats. According to Eckersall (2008) , the urea concentrations in the blood is a good short-term indicator of protein nutritional status in ruminants, as it reflects the ammonia concentration in the rumen, which in turn is determined by the protein catabolism by the ruminal microbiota and the animal's tissue. Albumin synthesis is influenced by long-term protein nutritional status, which can be a good indicator of hepatic lesions (MORGAN; PETERS, 1971) .
The urea and albumin levels found in the present study agree with the reference values established by Smith and Sherman (2009) for goats. Silva et al. (2010) also offered detoxified castor meal to finishing sheep, but for a short period of time, and observed blood urea within the normal physiological limits for the species. Ziguer et al. (2012) also observed normal albumin levels in sheep fed soybean hulls for 47 days.
The hepatic function tests are the main indicators of hepatocellular alterations and mainly involve enzyme analysis, while creatinine is the main indicator of renal function because it is related to glomerular filtration rate. In the present study, renal and hepatic alterations were observed in the DCM group, whereas ALT, AST and HDL were within or close to the species' standards (SMITH; SHERMAN, 2009). Oliveira et al. (2010) did not find a dietary effect on the ALT or AST concentration in sheep fed for 21 days with castor meal, treated or untreated, and no clinical symptoms of ricin toxicity were observed. Albin, Davis e Zinn (1969) also did not see any clinical symptom of toxicity in cattle fed with diets containing untreated castor meal for over 90 days. Andreazzi and Consolaro (1997) offered diets with cottonseed to goats for 6 months and did not see any alterations in hepatic or renal function, and no sign of toxicity caused by gossypol.
Quantitative and qualitative evaluation of the components of the carcass of small ruminants can be influenced by many factors, such as age, gender, breed and, especially, the type of diet (ALMEIDA JUNIOR et al., 2004) . In the present study, the anatomical and carcass components were not affected by including detoxified castor meal in the diet.
In a study performed by Silva et al. (2010) on goats subjected to diets including up to 4% licuri oil, no influence of the diet was observed on the components or characteristics of the carcass. Hashimoto et al. (2007) also did not report any influence of replacing corn with soybean hull on the components of kid goat carcasses.
In the dissected loin tissue, significant differences were observed in the quantity of bone tissue between the experimental diets, but no influence of the diet was observed on the proportions of muscle and adipose tissues. Hashimoto et al. (2007) also noted an increase in bone tissue ratio, which resulted in a reduction of the proportion of adipose tissue in the loin, as the muscle contents did not vary among the goats fed with or without the soybean hull instead of corn.
Knowing the chemical composition of the meat is important to elucidate its nutritional value, as well as to design adequate diets for specific populations. The animals fed detoxified castor meal exhibited lower total lipid content, which is a positive change given that consumers prefer low-fat foods (LISBOA et al., 2010) . The total lipids in the longissimus dorsi of the WDCM group were higher than the DCM group, but these values were both within the normal limits (1.5 to 13 % total lipids) established by Zeola and Silva Sobrinho (2001) for goats. The other components of the proximate analysis performed in this study did not differ between diets. Moisture, protein and ash values were close to those found in the literature for this species (DHANDA; TAYLOR; MURRAY, 1999, DHANDA; et al., 2003; ARRUDA; NASCIMENTO, 1999 , MADRUGA et al., 2001 BESERRA et al., 2000 BESERRA et al., , 2004 , ranging from 70.80 to 80.25 %, 18.50 to 23.39 % and 0.79 to 1.68 %, respectively. The fatty acid profile of meat is important to human health because people can reduce their risks of obesity, cancer and heart diseases by reducing lipid intake, especially cholesterol and saturated fatty acids, and increasing the consumption of monounsaturated and polyunsaturated fatty acids (JAKOBSEN, 1999; RHEE et al., 2000) .
A growing interest in goat meat has been observed in recent years because of its dietary properties, because it has low cholesterol, saturated fat and calories when compared to other red meats (MADRUGA et al., 2001; WEBB; CASEY; SIMELA, 2005) . The fatty acid profile of the longissimus dorsi muscle was not altered by including castor meal in the diet in this study. The main fatty acids identified in the meat were oleic (C18:1), palmitic (C16:0) and stearic (C18:0). Similar results have been observed in goat meat by other authors (BANSKALIEVA; SAHLU; GOETSCH, 2000; DHANDA; TAYLOR; MURRAY, 2003; MADRUGA et al., 2005) . A higher unsaturated fatty acid percentage was found, and consequently, the unsaturated/saturated fatty acid ratio was higher than 1.0, which characterizes this meat as appropriate, from a dietary point of view, to be consumed by people with hypercholesterolemia.
The same findings were observed by Madruga et al. (2001 Madruga et al. ( , 2008 when evaluating the fatty acid profile of goats. They observed values of 0.10 to 0.13 for the PUFA/SFA ratio in goat meat, which supports our findings.
Nutrigenomics is a new science of the postgenomic age that aims to clarify the complex interactions between the chemical components of diets (nutrients) and the genetic material of the individuals (genotype) by using technologies developed to analyze the transcriptome (MUTCH; WAHLI; WILLIAMSON, 2005) .
SelW gene expression was higher in the DCM than the WDCM animals. SelW is a small selenoprotein (85-88 amino acids), and the highest concentrations of this protein are found in the heart and skeletal muscle of animals (VENDELAND et al., 1995) . SelW can be considered a good putative sign that an adequate diet is being provided (CASSAR-MALEK et al., 2009 ). In studies with calves fed in a grazing system vs. confinement, a high alteration in the expression of the SelW gene was observed, and the expression levels of this gene could be a putative sign of a grazing system and serve as a tool for tracing bovine meat production (CASSAR-MALEK et al., 2009 ).
IGF-I and IGF-II are involved in the proliferation and differentiation of skeletal muscle tissue (FLORINI; EWTON; COOLOCAN, 1996; PENG et al., 1997) . We observed that including detoxified castor meal in the diet influenced the expression of the IGF-II gene, whereas no effect was observed on the expression of the IGF-I gene. Kalbe, Mau and Rehfeldt (2008) analyzed different levels of isoflavones on the diet of pigs and, as in the present study, found no change in IGF-I gene expression in skeletal muscle.
Conclusion
The detoxified castor meal did not cause any macroscopic alterations to the anatomical or carcass components of goats, even after being administered for a long period. However, the differences in SEW and IGF-II gene expression between groups suggests that further investigations must be performed to determine the long-term effects of using this residue in animal feeding.
